Abstract. In this paper, some new oscillation criteria are obtained for the first order nonlinear delay di¤erential equation 
Introduction
The oscillatory behavior of di¤erential equations with deviating arguments has been studied by many authors. For some contributions in this area see the papers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Consider the first order delay di¤erential equation where a j > 0, j ¼ 1; . . . ; m are rational numbers with denominator of positive odd integers, and P m j¼1 a j ¼ 1. The sepcial forms of equation (1), (2) are the equations
Equation (3) is a basic delay di¤erential equation, which plays a crucial role in many investigations and therefore is always in the center of interest. So far, there have been many oscillatory results for equation (3), we refer to the monographies [5] [6] [7] and the reference cited therein. One basic oscillation criteria is [2] lim inf
In condition (7), the constant 1=e is the best possible [5] . Yu [8] extended the above results (7) for (3) to the nonlinear di¤erential equation (5) and (6) and proved the following theorems.
Then every solution of (5) oscillates.
Then every solution of (6) oscillates.
Very recently, Tang and Yu [9] obtained some new oscillation criteria for (5) and (6) , which improve Theorems A and B.
We remark that Theorems A and B are easily extended to the more general nonlinear equations (1) and (2) respectively. In this paper, we will establish some new oscillation criteria for (1) and (2) which contain and improve condition (8) and (9) and other results. More precisely, we obtain the following theorems. 
Suppose also that there exists T 0 b t 0 > 0 such that
Then every solution of (1) oscillates.
Theorem 2. Assume that ðH 1 Þ, ðH 2 Þ hold, and that
Suppose that there exists T 0 b t 0 > 0 such that
Then every solution of (2) oscillates.
Some lemmas
Lemma 1. Assume that ðH 1 Þ, ðH 2 Þ hold, and
Then every nonoscillatory solution of (1) converges to zero monotonically as t ! y.
Proof. Suppose that xðtÞ is a nonoscillatory solution of (1) This contradicts the fact that xðtÞ is eventually positive. The proof of Lemma 1 is complete. 
eventually.
Proof. Suppose that xðtÞ is a nonoscillatory solution of (1) which we shall assume to be eventually positive [if xðtÞ is eventually negative the proof is similar]. By Lemma 1 and (1), there exists t 1 > 0 such that
and lim t!y xðtÞ ¼ 0, where e is given by condition ðH 2 Þ. From this and ðH 2 Þ, there exists t 2 b t 1 such that
It follows from (1) that
Consequently, we have
Set yðtÞ ¼ ½xðtÞ a m for t b t 2 þ t m . Then
From (19), it is easy to show that (15) holds eventually [5, 11] . The proof of Lemma 2 is complete.
Lemma 3. Assume that ðH 1 Þ, ðH 2 Þ and (10) hold. If xðtÞ is a nonoscillatory solution of (1), then xðt À t m Þ=xðtÞ, which is well defined for large t, is bounded.
Proof. We shall assume xðtÞ to be eventually positive [if xðtÞ is eventually negative the proof is similar]. Set yðtÞ as in the proof of Lemma 2. Then (19) holds. From (19), it is easy to show (see [5, 11] ) that Lemma 3 is true. The proof of Lemma 3 is complete.
Lemma 4. Assume that ðH 1 Þ, ðH 2 Þ and (14) hold. If xðtÞ is a nonoscillatory solution of (1), then there exist A > 0 and T > 0 such that
Proof. We shall assume xðtÞ to be eventually positive [if xðtÞ is eventually negative the proof is similar]. By Lemma 1 there exists t 1 > 0 such that
where e is given by condition ðH 2 Þ. Similar to the proof of Lemma 2, it is easy to show that there exists t 2 > t 1 such that (17) holds. From (17), we have
This yields (20), where A ¼ xðTÞ and T ¼ t 2 . The proof of Lemma 4 is complete.
Proof of theorems
Proof of Theorem 1. Assume that (1) has a nonoscillatory solution xðtÞ which will be assumed to be eventually positive [if xðtÞ is eventually negative the proof is similar]. By Lemma 1, there exists t 1 b T 0 such that
where e is given by condition ðH 2 Þ. From (22) and ðH 2 Þ we have
Substituing (23) into (1), we obtain 
By Lemmas 2-4, there exists T > t 1 þ t m , A > 0 and M 1 > 0 such that
From these and (25) 
By (27), we have
Therefore,
Interchanging the order of integration, we find 
which contradicts (36). The proof of Theorem 1 is complete. Theorem 2 could be proved by the method similarly to those of Theorem 1, and so we omit it here.
An example
Example. Consider the following delay di¤erential equation In view of Theorem 1, every solution of equation (37) is oscilatory.
